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INTRODUCTION
M ost p re v io u s  i n v e s t i g a t o r s  o f  th e  on to g en y  o f  th e  genus 
A rceu thobium  have d e a l t  w i th  th e  e n d o p h y tic  sy s te m  (Thoday and 
Jo h n so n , 1 9 3 0 ) , and w ith  th e  m atu re  f r u i t .  A few  p a p e rs  have  been  
p u b l is h e d  w hich  c o v e r v a r io u s  a s p e c ts  o f  m e g a sp o ro g e n e s is , em bryo- 
g e n e s i s ,  embryo and endosperm  d ev elopm en t o f  d i f f e r e n t  s p e c ie s  o f  
A rceu thobium  (Jo h n so n , 1888; Thoday and Jo h n so n , 1930; Dowding, 1931; 
and Cohen, 19&3)# Some o f  th e  i n v e s t i g a t i o n s  a r e  n o t  i n  ag reem en t 
w i th  one a n o th e r  and some s ta g e s  o f  th e  on togeny  have n o t  been  
p r e s e n te d .
B ecause o f  d isa g re e m e n t i n  p re v io u s  i n v e s t i g a t i o n s  and b ecau se  
o f  th e  in c o m p le te n e s s  o f  know ledge o f  i t s  o n to g en y , th e r e  i s  need  f o r  
f u r t h e r  m o rp h o lo g ic a l work o f th e  w hole g e n u s . The p r e s e n t  p a p e r  
p r e s e n t s  o n ly  p a r t  o f  th e  on togeny  o f  one s p e c ie s  (A . d o u g l a s i i ) ,  b u t  
t h a t  p a r t  i n  w hich  p re v io u s  i n v e s t i g a t i o n s  have been  to o  few : de­
v e lo p m en t o f  th e  o v a r ia n  p a p i l l a ,  developm en t o f  th e  m e g a sp o ro c y te , 
deve lopm en t o f  th e  em b ry o -sa c , f e r t i l i z a t i o n  and e a r l y  embryo and 
endosperm  d ev e lo p m e n t.
—1—
MATERIALS AND METHODS
A* d o u g la s i i  s ta m in a te  and p i s t i l l a t e  s tem s w ere c o l l e c t e d  e ac h  
week from  March I 962 t o  M arch I 963 w ith  th e  e x c e p tio n  o f  th e  m onths 
o f  J u ly  and A ugust* No m a te r i a l  was c o l l e c t e d  d u r in g  th e s e  m onths* 
M ost o f  th e  m a t e r i a l  f o r  t h i s  s tu d y  was c o l l e c t e d  from  P a t te e  
Canyon, M isso u la  C oun ty , M is s o u la , Montana* One c o l l e c t i o n  came from  
th e  G la c ie r  N a tio n a l  P a rk  a re a  and  two c o l l e c t i o n s  from  f i v e  m ile s  
n o r th  o f  M isso u la  on Highway lOA*
The m a te r i a l  was f ix e d  i n  th e  l a b o r a to r y  i n  F o rm a lin -A c e to — 
A lc o h o l (F*A*A*), and th e n  p ro c e s s e d  th ro u g h  th e  t e r t i a r y  b u ty l  
a lc o h o l  d e h y d ra t in g  s e r i e s  i n t o  T issu em a t (Jo h a n se n , 19U0)* V a r i­
o u s ly  o r i e n t e d  s e r i a l  s e c t io n s  e i g h t  m ic ro n s t h ic k  w ere c u t  and 
s t a in e d  b y  u s in g  th e  F e u lg en  n u c le a l  r e a c t i o n  and c o u n te r s t a in in g  w ith  
F a s t  G reen  FCF (Jo h a n se n , 19U0)*
M a te r i a l  was a l s o  c o l l e c t e d  o f  A* campylopodum f * l a r i c i s  and 
u sed  t o  o b ta in  su p p le m e n ta ry  in f o rm a t io n  i n  t h i s  s tu d y *  The same 
l a b o r a to r y  p ro c e d u re  was u se d  to  p re p a re  th e  m a te r i a l  o f  t h i s  s p e c ie s  
f o r  o b s e r v a t io n  a s  was u sed  f o r  A* d o u g la s i i  *
—2—
OBSERVATIONS
D evelopm ent o f th e  o v a r ia n  p a p i l l a .  -  A, d o u g la s i i  d e v e lo p s  a  dome­
l i k e  s t r u c t u r e  w hich te r m in a te s  th e  a x i s  o f  th e  in f lo r e s c e n c e  and w hich 
c o n s i s t s  o f  i s o d ia m e t r ic  parenchym a. T h is  s t r u c t u r e ,  d e s ig n a te d  a s  th e  
o v a r ia n  p a p i l l a  b y  Johnson  ( 1 8 8 8 ) ,  c o n ta in s  num erous c e l l s  o f  w h ich  two 
g iv e  r i s e  to  m e g a sp o ro c y te s . The o v a r ia n  p a p i l l a  i s  n o t  a  t r u e  o v u le , 
how ever, f o r  no in te g u m e n ts  a r e  d e v e lo p e d , and i t  fo rm s no p a r t  o f  th e  
f r u i t .  The p a p i l l a  i s  f o r c e d  a s id e  b y  th e  d e v e lo p in g  endosperm  d u r in g  
em b ry o g en esis  ( F ig .  1 7 ) .
D evelopm ent o f  th e  m e g a sp o ro c y te s .  -  Two parenchym a c e l l s  lo c a te d  
j u s t  w i th in  th e  e p id e rm a l l a y e r  o f  th e  p a p i l l a ,  and w hich a r e  a p p ro x ­
im a te ly  180° from  each  o t h e r ,  d i f f e r e n t i a t e  i n t o  m e g a sp o ro c y te s . They 
a r e  d i s t in g u i s h e d  from  th e  su rro u n d in g  parenchym a c e l l s  by t h e i r  l a r g e r  
s i z e  and t h e i r  l a r g e r  n u c le u s  ( F ig .  1 ) .  The m eg asp o ro cy te s  e n la rg e  
in w a rd , and upward a t  th e  expense  o f  th e  su rro u n d in g  parenchym a c e l l s  
( F ig .  2 ) .
M e io s is .  -  The m eg asp o ro cy te s  a r e  d i f f e r e n t i a t e d  i n  th e  s p r in g  
a p p ro x im a te ly  one to  two m onths a f t e r  th e  in c e p t io n  o f  th e  i n f l o r e s ­
cen ce  and a re  f u l l y  d e v e lo p e d  by  au tum n. M e io s is , how ever, does n o t  
o c c u r u n t i l  th e  f o l lo w in g  sp r in g *  The f i r s t  m e io t ic  d iv i s io n  o c c u rs  
a lo n g  th e  l o n g i t u d i n a l  a x i s  o f  th e  m e g a sp o ro c y te . The r e s u l t i n g  n u c le i  
m ig ra te  to  o p p o s i te  ends o f  th e  c e l l ,  and undergo  th e  second  d i v i s i o n ,  
fo rm in g  f o u r  m egaspores ( F ig .  3 ) .
D evelopm ent o f  th e  e m b ry o -sa c . -  A . d o u g la s i i  d e v e lo p s  a  t e t r a -  
s p o r i c  e m b ry o -sa c . The fo u r  m egaspo res un d erg o  one m i to t ic  d i v i s i o n ,
"3"
-L-
r e s u l t i n g  i n  an  e ig h t  n u c le a te d  em bryo-sac  w ith  two g ro u p s o f  f o u r  
n u c le i  a t  e ac h  end ( F ig .  U)* C e ll  w a l l s  a re  form ed a round  s i x  o f  th e  
e i g h t  n u c l e i  d e l im i t in g  th e  e g g , two s y n e rg id s  and th r e e  a n t ip o d a ls  
w i th in  th e  e m b ry o -sa c . T h is  p a t t e r n  f a l l s  i n t o  th e  Adoxa ty p e  
(M aheshw ari, 1950) o f  em bryo-sac  fo rm a t io n .  The p o la r  n u c l e i  m ig ra te  
t o  th e  c e n t e r  o f  th e  em bryo-sac  and do n o t  f u s e  u n t i l  a f t e r  p o l l i n a t i o n .
P o l l i n a t i o n  and f e r t i l i z a t i o n .  -  P o l l i n a t i o n  and f e r t i l i z a t i o n  
o c c u r  i n  th e  s p r in g  a p p ro x im a te ly  t h i r t e e n  to  f o u r te e n  m onths a f t e r  
f l o r a l  i n c e p t i o n .  P o l le n  i s  h e ld  t o  th e  s t ig m a  by means o f  a  l i q u i d  
s e c r e te d  from  th e  p i s t i l l a t e  f lo w e r .  P o l le n  tu b e s  grow down th e  
s t y l a r  c a n a l  to  th e  e m b ry o -sac , i n t o  w hich two sperm  a r e  r e l e a s e d ;  
d o u b le  f e r t i l i z a t i o n  th e n  o c c u rs  ( F ig s .  5^ 6 ) .  Soon a f t e r  f e r t i l i ­
z a t i o n ,  one o f  th e  two em bryo -sacs d i s i n t e g r a t e s .
The o r i g in  o f  th e  em bryoj endosperm  and endosperm  h a u s to r iu m . -  
A f te r  f e r t i l i z a t i o n ,  th e  em bryo-sac  i s  d iv id e d  i n to  two p a r t s  b y  th e  
fo rm a tio n  o f  a  w a l l  w h ich  e x te n d s  d ia g o n a l ly  a c r o s s  th e  e m b ry o -sa c .
T h is  w a l l  d e l im i t s  th e  zy g o te  and  th e  d i s i n t e g r a t i n g  s y n e rg id s  i n  one 
p a r t ,  and th e  p r im a ry  endosperm  p lu s  th e  l y t i c  a n t ip o d a ls  i n  th e  o t h e r .  
The p a r t  c o n ta in in g  th e  p r im a ry  endosperm  and th e  l y t i c  a n t ip o d a ls  
e lo n g a te s  downward to w ard  th e  b a se  o f  th e  o v a r ia n  p a p i l l a  ( F ig .  1 1 ) .  
C y to k in e s is  o f  t h i s  e lo n g a te d  c e l l  th e n  o c c u r s .  T h is  d i v i s i o n  
d e l im i t s  a n  endosperm  c e l l  a d ja c e n t  to  th e  z y g o te  and an  endosperm  
h a u s t o r i a l  c e l l  e x te n d in g  down to  th e  b a se  o f  th e  p a p i l l a .  A t th e  
lo w e r e x t r e m i ty  o f  t h i s  h a u s t o r i a l  c e l l ,  s e v e r a l  t i e r s  o f  c e l l s  a re  
i n i t i a t e d .  These t i e r s  o f  c e l l s  g r a d u a l ly  e x te n d  up t o  th e  endosperm  
and z y g o te  ( F ig s .  1 2 , 1 3 ) ,  The o r i g i n a l  endosperm  h a u s t o r i a l  c e l l  i s
-5-
r e p la c e d  by  th e s e  t i e r s  o f  h a u s t o r i a l  c e l l s  w hich p e r s i s t  w h ile  th e  
endosperm  and embryo develop*
The endosperm  c e l l  w h ich  i s  c u t  o f f  a d ja c e n t  t o  th e  z y g o te  u n d e r­
g o es s e v e r a l  d iv i s io n s  i n  one p la n e ,  e n c i r c l i n g  th e  z y g o te  w ith  one 
l a y e r  o f  c e l l s  p r e s e n t in g  a  d i s c - l i k e  c o n f ig u r a t io n  (F ig s*  7 j 8 ,  9 , 1 0 ) ,  
A t t h i s  t im e ,  th e  z y g o te  u n d e rg o es  c y to k in e s is  p ro d u c in g  a  two c e l l e d  
embryo (F ig*  10)*  The embryo rem a in s  i n  t h i s  two c e l l e d  s ta g e  a p p ro x ­
im a te ly  two m onths* P r i o r  to  f u r t h e r  d iv i s io n s  o f  th e  em bryo, i t  i s  
conveyed upw ard o u t o f th e  o v a r ia n  p a p i l l a  by  th e  e n la r g in g  endosperm  
w hich  d iv id e s  i n  two p la n e s  a f t e r  th e  f i r s t  c e l l  l a y e r  i s  form ed 
( F ig .  lU )*
The embryo and endosperm  a re  in c o m p le te ly  d ev e lo p ed  b y  th e  autumn 
fo l lo w in g  t h e i r  o r i g i n  w hich i s  a p p ro x im a te ly  s ix t e e n  m onths a f t e r  
f l o r a l  i n c e p t i o n .  Growth i s  th e n  a r r e s t e d  u n t i l  th e  fo l lo w in g  s p r in g  
and summer a t  w hich tim e  t h e i r  o n to g en y  i s  c o m p le te d .
O b s e rv a tio n s  made o f  A* campylopodum f , l a r i c i s  d u r in g  t h i s  s tu d y  
d i s c lo s e d  t h a t  i t  d e v e lo p s  an  endosperm  h a u s to r iu m  i n  th e  same m anner 
a s  A. d o u g la s i i*
DISCUSSION
The on to g en y  o f  th e  o v a r ia n  p a p i l l a  o f  A# d o u g la s i i  i s  i n  
a g reem en t w ith  t h a t  r e p o r te d  f o r  o th e r  A rce u thobium  s p e c ie s  (Jo h n so n , 
1888; Thoday and Jo h n so n , 1930; Dowding, 1931; G i l l ,  1935; K u i j t ,
1955)*  However, th e  developm en t o f  th e  m eg asp o ro cy te  d i f f e r s  from  a l l  
p r e v io u s  r e p o r t s ,
Jo h n so n  (1888) r e p o r t e d  t h a t  an  a r c h e s p o r ia l  c e l l  i n  A , o x y c e d ri 
d iv id e s  and form s two c e l l s .  The u p p e r c e l l  becom es a  p r im a ry  t a p e t a l  
c e l l  and th e  lo w e r c e l l  becomes th e  m e g a sp o ro c y te , Dowding (1931) 
sp eak s o f  th e  m eg asp o ro cy te  d iv id in g  i n  A, am ericanum  and th e  u p p e r 
c e l l  o f  t h i s  d iv i s io n  fo rm in g  th e  e m b ry o -sa c . U n lik e  th e  above two 
s p e c i e s ,  th e  m eg asp o ro cy te  o f A, d o u g la s i i  o r i g in a t e s  by th e  d i f f e r e n ­
t i a t i o n  o f  one o f  th e  i s o d ia m e t r ic  parenchym a c e l l s  lo c a te d  j u s t  w i th in  
th e  e p id e rm a l l a y e r  o f  th e  p a p i l l a ,  Thoday and Johnson  (1930) speak  
o f  "hypoderm al c e l l s  w hich p ro b a b ly  have a l r e a d y  d i f f e r e n t i a t e d  i n t o  
th e  e m b ry o -sa c " , i n d i c a t i n g  t h a t  th e y  f a i l e d  to  o b se rv e  a  d iv i s io n  
o f  an  a r c h e s p o r ia l  c e l l  o r  o f  a m egaspo rocy te  w hich a g re e s  w ith  my 
o b s e r v a t io n .
I n  t h i s  s tu d y ,  th e  tw o , f o u r ,  and e ig h t  n u c le a te  s ta g e s  o f  th e  
d e v e lo p in g  em bryo-sac  w ere o b se rv ed  s e v e r a l  t im e s ;  b u t  no c e l l  w a l ls  
w ere o b se rv e d  s e p a r a t in g  th e  f o u r  m eg a sp o re s , I t  i s  t h e r e f o r e  con­
c lu d e d  from  t h i s  s tu d y  t h a t  A, d o u g la s i i  d e v e lo p s  a  t e t r a s p o r i c  
e m b ry o -sa c ,
Dowding (1931) i n d ic a t e d  t h a t  A, am ericanum  d e v e lo p s  a  sev en  
n u c le a te d  em bryo-sac  w hich  d i s a g r e e s  w ith  my o b s e r v a t io n s .
- 7 -
F o r a  p e r io d  o f  th r e e  to  fo u r  d ay s th e  p i s t i l l a t e  f lo w e rs  s e c r e t e  
a  l i q u i d  o v e r th e  s u r f a c e  o f  t h e i r  s t ig m a . The p u rp o se  o f  th e  l i q u i d  
a p p a r e n t ly  i s  to  h o ld  th e  p o l le n  on th e  s u r f a c e  o f  th e  s tig m a  d u r in g  
th e  g e rm in a tio n  o f  th e  p o l l e n ;  f o r  th e r e  was no in c r e a s e  i n  th e  number 
o f  i n s e c t s  i n  th e  v i c i n i t y  o f  th e  f lo w e r s  d u r in g  t h i s  l i q u i d  s e c r e t in g  
p e r io d .
F e r t i l i z a t i o n  o c c u rs  v e ry  soon  a f t e r  p o l l i n a t i o n .  The e x a c t  tim e  
i n t e r v a l  b e tw een  p o l l i n a t i o n  and f e r t i l i z a t i o n  was n o t  d e te rm in e d  b u t  
th e  maximum tim e  la p s e  i s  o n ly  a  few  d a y s . T h is  a g re e s  w ith  Dowding*s 
(1931) o b s e r v a t io n s  o f  A, am ericanum , Johnson  ( I 8 8 8 ) r e p o r te d  t h a t  i n  
A , o x y c e d r i j th e  sperm  rem a in  th ro u g h o u t  th e  w in te r  i n  th e  p o l l e n  
tu b e ,  w hich  i s  i n  c o n ta c t  w ith  th e  em b ry o -sac , u n t i l  th e  fo l lo w in g  
s p r in g  when f e r t i l i z a t i o n  ta k e s  p l a c e .  A, o x y c e d r i ,  how ever, i s  a  
f a l l  f lo w e r in g  s p e c i e s ,
Thoday and  Johnson  (1930) o b se rv e d  a h a u s t o r i a l  e x te n s io n  down 
i n t o  th e  b a se  o f  th e  o v a r ia n  p a p i l l a  o f  A, p u s i l lu m . They s t a t e d  t h a t  
th e  em bryo-sac  e lo n g a te s  downward fo rm in g  th e  h a u s to r iu m . U n lik e  A, 
p u s i l lu m , th e  em bryo-sac  o f  A, d o u g la s i i  i s  d iv id e d  i n to  two p a r t s  
p r i o r  to  th e  h a u s t o r i a l  e x te n s io n  ( F ig ,  9 ) ,  and o n ly  t h a t  p a r t  con­
t a i n i n g  th e  p r im a ry  endosperm  i s  e x te n d e d  downward. They r e p o r te d  
t h a t  th e  h a u s to r iu m  o f  A, p u s i l lu m  d is a p p e a r s  soon  a f t e r  i t s  fo rm a t io n .  
The o r i g i n a l  h a u s t o r i a l  c e l l  o f  A, d o u g la s i i  u n d e rg o e s  c y to k in e s is  to  
fo rm  s e v e r a l  t i e r s  o f  h a u s t o r i a l  c e l l s  w hich rem a in  w h ile  th e  embryo 
and endosperm  d e v e lo p .
The fo rm a t io n  o f an endosperm  h a u s to r iu m  i s  n o t  uncommon,
S c h n a rf  (1931) m en tio n s  an endosperm  h a u s t o r i a l  fo rm a tio n  f o r  th e
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genus B alonopho ra  w hich  i s  s t r i k i n g l y  s i m i l a r  to  t h a t  o f  A. d o u g l a s i i . 
M aheshw ari (1950) m en tio n s  i t s  o c c u rre n c e  i n  members o f  th e  f a m i l i e s  
A c a n th a c e a e , B o ra g in a c e a e , and Lobebaceae*
Cohen (19&3) r e p o r t e d  o b s e rv in g  em b ry o g en esis  i n  A rceuthobium  
s p e c ie s  b u t  made no m en tio n  o f  a  h a u s t o r i a l  fo rm a t io n .  I t  seems 
a p p a re n t  t h a t  Cohen o b se rv ed  th e  two c e l le d  embryo o n ly  a f t e r  i t  was 
i n  a w e l l  d ev e lo p ed  endosperm  ( F ig .  f o r  i t  i s  u n l ik e l y  t h a t  one
w ould o b se rv e  th e  z y g o te  and endosperm  i n i t i a t i o n  w ith o u t  o b se rv in g  
th e  e x te n d ed  h a u s to r iu m .
SUMMARY
A* d o u g la s i i  d e v e lo p s  a  d o m e-lik e  s t r u c t u r e  d e s ig n a te d  a s  th e  
o v a r ia n  p a p i l l a  i n  w hich  two m eg asp o ro cy te s  a re  fo rm ed . The p a p i l l a  
i s  n o t  a  t r u e  o v u le , f o r  no in te g u m e n ts  a r e  form ed and  i t  i s  fo rc e d  
a s id e  by  th e  d e v e lo p in g  endosperm . The m eg asp o ro cy te s  a r e  d i f f e r e n ­
t i a t e d  i n  th e  s p r in g  b u t  m e io s is  does n o t  o c cu r u n t i l  th e  fo l lo w in g  
s p r in g .  A, d o u g la s i i  d e v e lo p s  a  t e t r a s p o r i c  ty p e  o f  em bryo-sac  w hich 
i s  e i g h t  n u c le a te d  a t  m a tu r i t y .  P o l l i n a t io n  and f e r t i l i z a t i o n  o c c u r  
a p p ro x im a te ly  t h i r t e e n  t o  f o u r te e n  m onths a f t e r  th e  i n i t i a t i o n  o f  th e  
i n f lo r e s c e n c e .  O nly  one o f  th e  two embryos d e v e lo p s  a f t e r  f e r t i l i z a ­
t i o n ,  A f te r  f e r t i l i z a t i o n  a  w a l l  i s  form ed d ia g o n a l ly  a c r o s s  th e  
em bryo -sac  d iv id in g  i t  i n t o  two p a r t s .  One p a r t  c o n ta in s  th e  z y g o te  
and th e  re m a in d e r  o f  th e  s y n e r g id s .  The o th e r  p a r t  c o n ta in s  th e  p r i ­
m ary endosperm  and th e  d e g e n e ra t in g  a n t ip o d a l s .  E lo n g a tio n  o f  t h i s  
p r im a ry  endosperm  c e l l  downward tow ard  th e  b a se  o f  th e  o v a r ia n  p a p i l l a  
o c c u r s .  C y to k in e s is  th e n  o c c u rs  fo rm in g  an  endosperm  c e l l  a d ja c e n t  to  
th e  z y g o te  and a h a u s t o r i a l  c e l l .  The h a u s t o r i a l  c e l l ,  by  c y to k in e s i s ,  
fo rm s s e v e r a l  t i e r s  o f  c e l l s  w hich  p e r s i s t  d u r in g  th e  d ev e lopm en t o f  
th e  embryo and endosperm . The z y g o te  d iv id e s ,  fo rm ing  a two c e l l e d  
sp h e re  w h ile  s t i l l  c o n ta in e d  w i th in  th e  o v a r ia n  p a p i l l a .  I t  rem a in s  
th u s  u n t i l  a f t e r  i t  i s  conveyed o u t  o f  th e  o v a r ia n  p a p i l l a  by  th e  
d e v e lo p in g  endosperm . The dev elo p m en t o f  th e  embryo and endosperm  i s  
a r r e s t e d  i n  th e  autum n a p p ro x im a te ly  th r e e  m onths a f t e r  t h e i r  i n i t i a ­
t i o n ,  They com plete  t h e i r  dev e lo p m en t th e  fo l lo w in g  s p r in g  and summer, 
A, campylopodum f , l a r i c i s  d e v e lo p s  an endosperm  h a u s to r iu m  i n  th e  same 
m anner a s  A, d o u g l a s i i ,
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PLATE I
P i g s .  1 - 6 ,  — S e c t io n s ^  o f  p i s t i l l a t e  f lo w e r s  o f A, d o u g la s i i  show ing 
th e  s ta g e s  o f  i t s  o n to g en y  from  th e  m eg asp o ro cy te s  th ro u g h  
f e r t i l i z a t i o n .  F ig ,  1 ,  The o v a r ia n  p a p i l l a  ( p a ) ,  c o n ta in in g  
two m eg asp o ro cy te s  (m ), su rro u n d e d  b y  th e  c a r p e l  w a l ls  (c w ). 
F ig ,  2 , The o v a r ia n  p a p i l l a  c o n ta in in g  an  e n la r g e d  m egasporo­
c y te ,  The m eg asp o ro cy te  a p p e a rs  t o  be i n  p ro p h a s e .  F ig ,  3o 
An o v a r ia n  p a p i l l a  c o n ta in in g  a  m eg asp o ro cy te  w hich e n c lo s e s  
f o u r  m e g a sp o re s . F ig ,  U* An e ig h t  n u c le a te d  em bryo -sac  
c o n ta in in g  two s y n e rg id s  ( s y ) ,  one p o la r  n u c le u s  (po ) and 
th r e e  a n t ip o d a l s  ( a n ) ,  The egg and one p o la r  n u c le u s  w ere n o t  
o b ta in e d  i n  t h i s  s e c t i o n .  F ig s ,  S -6 ,  S e r i a l  s e c t i o n s  show ing 
d o u b le  f e r t i l i z a t i o n .  The a n t ip o d a l s ,  one p o la r  n u c le u s  and 
th e  egg ( F ig ,  5 ) I and th e  s i s t e r  p o la r  n u c le u s  i n  c o n ta c t  w ith  
a  sperm  n u c le u s  (po & s p ) ,  and th e  l y t i c  s y n e rg id s  (F ig ,  6 ) ,
^ S e c t io n s  w ere c u t  a p p ro x im a te ly  U5° w ith  r e s p e c t  to  th e  
h o r i z o n t a l  a x is  o f  th e  i n f lo r e s c e n c e .
■10.
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h a , h a u s to r iu m ; z , z y g o te ; em, em hryo .
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PLATE I I
F ig s*  7-13* — S e c t io n s ^  o f  A* d o u g la s i i  show ing e m b ry o g e n es is , endo­
sperm  and h a u s t o r i a l  fo rm a tio n *  F ig s .  7-9* S e r i a l  s e c t io n s  o f  
e a r l y  endosperm  developm en t (F ig s*  7 - 8 ) ;  and th e  h a u s t o r i a l  c e l l  
(h a )  i n  F ig s .  8 -9  j u s t  below  th e  zy g o te  ( z )  i n  F ig .  9 .  F ig*  1 0 .
A s e c t i o n  show ing c y to k in e s is  o f  th e  z y g o te  fo rm in g  a  two c e l l e d  
embryo (em) w hich  i s  su rro u n d e d  by  one l a y e r  o f  endosperm  c e l l s *  
F ig .  11* A s e c t i o n  o f  th e  o v a r ia n  p a p i l l a  c o n ta in in g  an e lo n g a te d  
h a u s t o r i a l  c e l l  (h a )*  F ig s .  12-13* S e r i a l  s e c t io n s  o f  th e  
endosperm  and  t i e r s  o f h a u s t o r i a l  c e l l s *  Note t h a t  th e  endosperm  
h a s  begun to  grow o u t o f  th e  o v a r ia n  p a p i l l a .
^ S e c t io n s  w ere c u t  a p p ro x im a te ly  w ith  r e s p e c t  t o  th e  
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PLATE I I
h a , h a u s to r iu m ; z , z y g o te ;  em, em bryo.
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PLATE H I
F ig s »  lU -17* — F i g ,  lU , A l o n g i tu d in a l  s e c t io n  o f  a  w e ll  advanced  
endosperm  (e n )  c o n ta in in g  a  two c e l l e d  embryo (em ). F ig .  1 5 ,
A l o n g i t u d i n a l  s e c t io n  o f  th e  endosperm  su rro u n d in g  a  f o u r  
c e l l e d  em bryo,  F i g ,  1 6 , L o n g itu d in a l  s e c t io n  o f  th e  endosperm  
(e n )  and embryo (em) su rro u n d e d  b y  th e  c a r p e l  w a l l s .  F i g ,  1 7 o 
A l o n g i t u d i n a l  s e c t i o n  show ing th e  o v a r ia n  p a p i l l a  t h r u s t  to  
one s id e  (p a )  and p a r t  o f  th e  h a u s to r iu m  (h a )  a t  th e  b a se  o f  
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